Precision Cosmolog w[th the Cosmic
Mlcrowave Backgrou.nd




Overview

AMeasurements of the cosmic microwave background (CMB)
continue to reveal a wealth of information about our universe

Almproved measurements will expand our understanding of
neutrinos, dark matter, dark energy, and cosmological models

AFuture CMB projects will revolutionize the field, but require bold
steps in instrumental development
ANovel technology development: production and systematic control
AAn Example: Feedhorns

ATechnologies developed for CMB experiments open new
opportunities for scientific exploration
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sCDM Cosmol ogy

AExpanding, flat universe that began in a hot, dense state
ADominated by dark energy and dark matter
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leaves many fundamental questions unanswered
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The CMB answers fundamental questions

ACMB can measure the energy scale of inflation (r)
AOne of the few ways to probe early universe ~10-3¢ s after its beginning

ACMB measures the sum of the neutrino masses (xm,)
ACompl i ment to neutrino oscillation

02/09/23 Sara M. Simon 5



The CMB answers fundamental questions

ACMB can measure the energy scale of inflation (r)
AOne of the few ways to probe early universe ~10-3¢ s after its beginning

ACMB measures the sum of the neutrino masses (xm,)
ACompl i ment to neutrino oscillation

ACMB measures the number of relativistic species (N)
AConstrain/probe theories that predict new light particles

02/09/23 Sara M. Simon 6



The CMB answers fundamental questions

ACMB can measure the energy scale of inflation (r)
AOne of the few ways to probe early universe ~10-3¢ s after its beginning

ACMB measures the sum of the neutrino masses (xm,)
ACompl i ment to neutrino oscillation

ACMB measures the number of relativistic species (N)
AConstrain/probe theories that predict new light particles

ACMB constrains dark matter and dark energy through the
growth of structure (, g), the expansion rate (H,), and the
amounts of dark matter and dark energy

AExtremely accurate probe of these mysterious dark components
AHighly complementary to supernovae and large-scale structure studies
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CMB Temperature and Polarization Maps
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Planck{CoIIaboration 2015

Temperature and Polarization Power Spectra
Maps of Lensing and Sources
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Science

A Theories of the early universe (r)

A xm, and N4

A Contents and nature of dark matter and dark energy
A Formation and evolution of structure

A Information about astrophysical processes
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Current State of the Field: CMB Instruments

Temperature Only
BOOMERanNG -1998

DASI - 2000

WMAP - 2001 Next Few Years:

Atacama Cosmology 60k+ detectors

Telescope (ACT) - 2007 Simons Observatory

SPT - 2007 (SO) - 2023

—

Added Polarization cyrrent Generation: Next 10 Years
QUaD - 2005 <10k detectors CMB-S4 (~500k
BICEP - 2006 CLASS - 2016 detectors) - ~2030
QUIET - 2008 Advanced ACTPol LiteBIRD - late 2020s
Planck - 2009 (AdVACT) - 2017
BICEP2 - 2010 SPT-3G - 2017
Keck Array - 2010 pOLARBEAR 2 - 2019
ABS - 2012 Simons Array - 2019
ACTPol - 2013 BICEP Array - 2019/2020
POLARBEAR - 2012 gSpIDER 27 2022
SPT-Pol - 2012
BICEP 3 - 2015

SPIDER - 2015
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Current State of the Field-Temperature
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ALensing probes the growth of structure A d a r k”r gy,

ANeed improved
temperature + polarization
measurements on small
angular scales across

large are’of the sky

g

APhotons from the CMB are gravita&io‘nally deflected by structure




